Research background and hypothesis. Unbalanced nutritional status, incorrect qualitative and quantitative content of nutritional and bioactive substances (nutrition value) for athletes in strength and speed sports can have a negative impact on acid-base homeostasis and physical working performance. Hypothesis -there is a dietary acidbase balance in the Lithuanian Olympic basketball team players' food rations.
T he maintenance of homeostasis plays a key role in health and sports performance. As such, tissue and blood pH levels, once perturbed, must be returned to normal ranges. Basal metabolism generates organic acids while intensive exercise can cause transient increases of the acid load (Robergs et al., 2004) . For the elimination of a proton surplus, the body has several buffering systems with a crucial role for the lungs and kidneys. One component that influences acid-base balance in the human body is the composition of the diet. Researchers found a strong relation between the composition of the diet and the urine pH, and introduced the estimated "potential renal acid load" (PRAL) of food items (expressed in milli-equivalents (mEq) H + per 100 g) (Remer, 2001) . Fruits and vegetables have a negative PRAL which means that they potentially contribute in buffering hydrogen ions. Foods with high protein and phosphorus content such as meat and cheese have a positive PRAL, and hence potentially increase hydrogen ion production.
The estimated diet-dependent net endogenous acid production (NEAP) can be calculated as the sum of organic anions from the basal metabolism and the PRAL of all consumed food items (Frassetto et al., 2007) . It has been suggested that the long-term net acid excretion should not exceed 100-120 mEq/day since this may result in a maximal renal stimulation of acid, decreasing the plasma bicarbonate availability .
Basketball is a team sport where athletes perform high-intensity physical loads of moderate or long duration with recurrent low-intensity intervals of rest. Basketball players are strength-power athletes. Strength-power parameters are the main predictors of sprinting performance and resistance-based activity. Sprinting is a short burst of activity of high intensity relying primarily on alactic and lactic anaerobic energy systems and in case of repeated sprint exercise, aerobic metabolism also becomes involved (Berg et al., 2010) . Especially during longer sprints or when rest periods between repetitions are too short to allow complete recovery, sprint athletes have to deal with high amounts of protons causing metabolic acidosis (Robergs et al., 2004) .
Thus basketball players' unbalanced nutritional status, incorrect qualitative and quantitative content of nutritional and bioactive substances (nutrition value) can have a negative impact on acid-base homeostasis, anaerobic fitness parameters and slow down the adaptation to exercise training. In Lithuania there are no scientifically valid data on the impact of elite basketball players' nutrition on the body acid-base homeostasis. Optimization recommendations for players' nutrition have not been established though they would help improve the preparation of athletes for national and international championships. Research aim was to assess dietary acid-base balance in Lithuanian high-performance basketball players.
RESEARcH METHODS
Participants. In the general preparation period of 2011-2012, Lithuanian Olympic Team basketball players (n = 52), included into the lists of athletes approved by the orders of the Department of Physical Education and Sport, were included in the research. The mean age of the research participants was 18.0 ± 1.9 years; their training status was 6.8 ± 2.5 years. Athletes trained 6 days a week on average. The duration of one training session was 117.1 ± 15.3 min, and the duration of one-day training was 197.9 ± 58.7 min. The research sample consisted of 75% of men and 25% of women. In addition, athletes were engaged in weight-training aiming at muscular hypertrophy and strength.
Anthropometric measures. The height of basketball players was measured using the electronic scales at the Lithuanian Sports Medicine Centre. Body composition analysis of athletes was performed at the Lithuanian Olympic Sports Centre using Body Composition Analyser X-SCAN using bioelectrical impedance analysis (BIA) method (American College of Sports Medicine, 2009) applied in research with athletes. We also established athletes' body weight (BW, kg), fatfree mass (FFM, kg and %) and body fat (BF, kg and %), as well as body mass index) (BMI) (The World Health Report, 2002) and muscle and fat mass index (MFMI) (Skernevičius et al., 2004) .
Physical activity level. To estimate total energy expenditure, basal metabolic rate we used Harris-Benedict equation (Harris, Benedict, 1919) . To estimate exercise energy expenditure, we used metabolic equivalent records over a 24-hour period (Ainsworth et al., 2011) . 24-hour records of physical activity were collected on the same day participants recorded their dietary intakes to estimate physical activity level during a period of active training.
Dietary intake. Nutritional status of athletes in the Lithuanian Olympic Team was assessed after 24-hour food recall. We recorded the data for each athlete's consumed food and dishes. Dietary recall was investigated using special Atlas of Foodstuffs and Dishes sizes. In accordance with tables of food composition, we calculated the chemical composition of athletes' diet) (Sučilienė, Abaravičius, 2002) . We estimated athletes' carbohydrate, protein, dietary fat, phosphorus, calcium, potassium and magnesium intakes. Macronutrient intake was assessed according to the recommendations provided in research literature (American College of Sports Medicine, 2009; Burke, 2010; Kreider et al., 2010) . Compliance of mineral intake with RDI was assessed referring to recommended daily intake norms approved in Lithuania (Rekomenduojamos paros maistinių medžiagų ir energijos normos, 1999).
PRAL and the diets. The following formula was used to estimate the net endogenous acid production (NEAP) (Remer, Manz, 1995) :
Estimated NEAP (mEq/day) = 1 PRAL (mEq/ day) + 2 OA (mEq/day); whereby PRAL denotes estimated dietary potential renal acid load and OA denotes estimated urinary organic anions, with the 2 components it is calculated as follows:
PRAL (mEq/day) = (0.49 × protein (g/day)) + (0.037 × phosphorus (mg/day)) − (0.021 × potassium (mg/day)) − (0.026 × magnesium (mg/day)) − (0.013 × calcium (mg/day)) (2) OA ( deviations (SD). Student's t-test was used for the comparison of means between two independent groups of respondents. Hypothesis was verified using the level of significance of α = 0.05. The significance level was set at p < 0.05. Some calculations were made using Pearson's correlation coefficient (r).
RESEARcH RESULTS
Body composition analysis of athletes in the Lithuanian Olympic team (height, BW, FFM, FM, MM, BMI and MFMI) is given in Table 1 . Regardless of gender, basketball players' BMI ranges within the normal range, but the male basketball players' BW (kg and %, p < 0.0001), FFM (kg and %, p < 0.0001), MM (kg and %; p < 0.0001) are higher than those of female basketball players. In addition, the male basketball players' MFMI (4.5 ± 1.3) (estimated as the average) at a higher level conforms to the requirements for elite athletes compared to the female basketball players' MFMI which is too low (2.9 ± 0.4) (seen as too small). This is attributed to the purposefully increased MM in men basketball players. Dietary intake. The analysis of the nutritional status of basketball players showed that 24-hour energy intake (EI) of both male and female basketball players (respectively, 52.9 ± 14.8 kcal/kg BW and 41.6 ± 14.8 kcal/kg BW) was lower than the estimated energy requirements (EER)) ( Table 2) .
The evaluation of macronutrient intake for the players showed that regardless of gender, players' carbohydrate intake was less than recommended. Men basketball players' average dietary intake of carbohydrates (6.0 ± 1.9 g/kg BW) did not differ from women players' carbohydrate intake (5.4 ± 1.9 g/kg BW) (p < 0.0001) and it did not match the recommended intake (7.0-10 g/kg BW). Average protein intake in male and female basketball players' food rations, respectively 1.9 ± 0.6 g / kg BW and 1.5 ± 0.3 g/kg BW, met the recommended norms (1.4-2.0 g/kg BW), but men basketball players' protein intake was higher than that of women (p = 0.028).
In the research we found that basketball players consumed more fat than it was recommended. This is confirmed by the energy supply rate (40.7 ± 5.2% of daily calories come from fat) in basketball players' diets, which exceeded the recommended norms. Meanwhile, the share of fat supply for energy intake in women basketball players' rations (33.5 ± 4.2% of daily calories come from fat) was significantly lower than that in men basketball players' rations (p < 0.0001), and slightly higher than the recommended (20-30%). The analysis of the mineral status of athletes' diets (Table 2) showed that basketball players' phosphorus intake was higher than recommended, as well as the intake of base-forming dietary minerals such as potassium, magnesium, calcium. Contrary to women's diets, calcium and phosphorus intake in men basketball players' diets was unbalanced (p < 0.0001). This was confirmed by the calcium and phosphorus ratio (Ca/P, 0.6 ± 0.2) men basketball players' food rations that did not reach the recommended intake of 0.75, which was determined by excess dietary intake of phosphorus. However, the optimal Ca/P (0.8 ± 0.1) was characteristic of women basketball players' diets.
Acid-base balance and diets. The assessment of Lithuanian Olympic team dietary PRAL showed that the dietary PRAL of more than half (67.3%) basketball players was positive. Dietary PRAL of male basketball players (8.5 ± 49.0 mEq/day) did not differ from the one of female basketball players (15.0 ± 17.8 mEq/day) and was positive (p = 0.841) ( Table 2) .
Analysing the links between PRAL and nutrition value of basketball players' diets we found that greater protein intake was linked to positive dietary PRAL (r = 0.408, p = 0.003) (Figure) . . Though our male basketball players' average NEAP (60.5 ± 49.6 mEq/day) did not differ from that of female basketball players (59.2 ± 19.3 mEq/day) (p = 0.889) ( Table 2) , NEAP of as many as 20.5% of Lithuanian Olympic team men basketball players was higher than 100 mEq/day and on average it was 128.5 ± 23.7 mEq/day (Table 3 ).
Aiming at establishing if the chemical composition of athletes' dietary intake was proper for the maintenance of acid-base homeostasis, we evaluated the effect of nutrition on the body NEAP. For athletes it is important that long-term net acid excretion should not exceed 100 mEq/day since this may result in a maximal renal stimulation of acid, decreasing the plasma bicarbonate availability) Figure Note. Values are expressed as mean ± SD, minimum and maximum values; BW -Body Weight; PRO -Protein; Ca -Calcium; P -Phosphorus; Mg -Magnesium; K -Potassium; PRAL -Potential Renal Acid Load; RDI -Recommended Daily Intake; NEAP -Net Endogenous Acid Production. Significant differences set by independent samples Student's t-test among groups: 1 -Group 1, 2 -Group 2.
As we see in Table 3 , men basketball players' (NEAP > 100 mEq/day) protein intake (2.6 ± 0.7 g/kg body mass) exceeded the recommended intake 1.3 times, and phosphorus intake (3006.4 ± 289.9 mg) -3 times. For athletes with NEAP > 100 mEq/day, protein and phosphorus intakes were statistically significantly higher compared to protein and phosphorus intakes of those athletes whose NEAP < 100 mEq/day (p < 0.0001 and p = 0.007). It should be noted that too high NEAP in the body can be found when the protein intake is 1.8 g/kg body mass.
When the diet is high in protein, lower dietary PRAL and lower NEAP can be ensured by adequate intake levels of minerals, such as potassium, calcium and magnesium. Research findings showed that for athletes with NEAP > 100 mEq/day, potassium intake (5994.8 ± 1122.2 mg), calcium intake (1504.0 ± 625.7 mg) and magnesium intake (661.5 ± 107.4) exceeded RDI 1.7-2.5 times. However, potassium, calcium and magnesium intakes of basketball players with NEAP > 100 mEq/day did not differ statistically significantly from those of players with NEAP < 100 mEq/day (p = 0.821, p = 0.729, p = 0.995) ( Table 3) .
DIScUSSION
Daily physical performance in the training zone of high intensity determines stress of buffering systems. Research has shown that even moderate physical exercise causes metabolic changes that affect acid-base homeostasis in skeletal muscles and other tissues (Lindinger, 1995) . Meanwhile, due to the effect of high-intensity training, blood pH can drop from 7.4 to 7.1 per 1 min, which is felt as very fast muscle fatigue, resulting in a decrease of anaerobic fitness (Robergs et al., 2004) .
When training is extremely intense, highprotein and low-carbohydrate diet can result in metabolic acidosis and have negative influence on performance (Robergs et al., 2004) . Much attention is paid to protein intake. A diet high in protein significantly reduces dietary PRAL and increases NEAP in the body. Long-term NEAP of 100-120 mEqv/day and more conditions maximal renal stimulation of acid, and the decrease of the plasma bicarbonate availability correlates with a long-term net acid excretion ion (100-120 mEq/day) . Carbohydrate intake of our investigated athletes did not reach the recommended minimum, and protein intake depended on basketball players' gender. The average protein intake of female basketball players was 1.5 ± 0.3 g/kg body mass. Significantly higher protein intake was typical of male basketball players who enhanced muscle hypertrophy. We established that protein intake of 20.5% of Lithuanian elite basketball players was higher than 1.8-2.0 g/kg body mass, and their NEAP was found to be above the proposed cut off 100 mEq/day, suggesting that the buffering systems of the body would be stressed to the proposed limit) (Remer, 2001; Remer et al., 2003; . In this case metabolic acidosis could be normalized changing dietary habits (ensuring low dietary PRAL) (Pizzorno et al., 2010) or using specific dietary supplements (Derave, 2011) . Research has established that higher consumption of fruit and vegetables increases potassium and magnesium intake leading to increased production of base in the body (Tucker et al., 1999) . Aiming at increasing buffering capacity and improving highintensity anaerobic capacity, Lithuanian Olympic team basketball players are recommended the intake of buffering agents, such as sodium bicarbonate: 0.18-0.30 g/kg BW of sodium bicarbonate intake help to maintain higher blood pH and thus improve aerobic capacity indices during high-intensity training (McNaughton et al., 1999; Requena et al., 2005) . While training bicarbonate supplementation possibly delays intracellular acidification or the body is supplied with the additional amount of bicarbonate, thereby increasing the buffering capacity (Lindh et al., 2008; Derave, 2011) . Besides, aiming at improving performance when training is extremely intense, Lithuanian basketball players are recommended 4-10 week dietary beta-alanine supplementation, respectively 1.5-6.0 g a day (Baguet et al., 2010; Derave, 2011) . Increasing carnosine levels in skeletal muscles, beta-alanine acts as an intracellular buffer. Carnosine helps muscle cells to remove protons, which are further affected by the circulating buffers (such as bicarbinate) in the extracellular fluids and thus acidosis is staved off and rapid muscle fatigue is avoided (Baguet et al., 2010; Sweeney et al., 2010) .
Summing up, high-protein diet, e. g. high intakes of meat, cheese, eggs and other food products, in Lithuanian elite male basketball players is recommended to be changed by high-protein diets full of fruit and vegetables to reduce dietary PRAL and NEAP in the body. Basketball players, overcoming strenuous exercise, are recommended supplementing the regular diets by sodium bicarbonate and beta-alanine dietary supplements in relevant doses. Supplementation of food rations with buffering agents (e. g. bicarbonates) causes ergogenic effect, improves performance, but it cannot replace conventional foods reducing PRAL. For this reason, further research is needed to assess the impact of the higher intake of fresh fruit and vegetables on physical performance parameters for basketball players in the course of their training.
cONcLUSIONS AND PERSPEcTIVES
1. Nutrition of Lithuanian Olympic basketball teams does not meet the requirements: basketball players' diet is too high in dietary fat and is too low in carbohydrates. One in five (20.5%) male basketball players uses high-protein diet (protein intake exceeds 1.8-2.0 g/kg BW), which conditions dietary acid-base misbalance and excessive net endogenous acid production in the body.
2. If high-protein diet (protein intake meets 1.8-2.0 g/kg BW) is taken, basketball players' nutritional habits should be changed. Aiming at ensuring dietary acid-base balance and maximal muscular adaptations in response to anaerobic training, basketball players should use higher levels (two or more times exceeding RDI) of minerals, potassium, calcium and magnesium. Athletes are recommended to consume significantly more fresh fruits and vegetables and/or enrich the normal diet by sodium bicarbonate and beta-alanine dietary supplements.
